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Abstract 
In this study, raw biochar and magnetic biochar were prepared as adsorbent to remove 4-nitrotoluene from aqueous environment.  
Magnetic biochar (MB) was successfully synthesized by using raw biochar from palm kernel shell (PKS), ferrous chloride and 
ferric chloride for removal of 4-nitrotoluene. Ferrous chloride and ferric chloride used as magnetic medium and mix with biochar 
by chemical co-precipitation method. Characteristics of these adsorbent were analyzed with Fourier Transform Infrared (FTIR), 
Scanning Electron Microscope (SEM) and BET surface area. Performances of both modified and raw biochar were compared to 
evaluate the effectiveness of adsorption capacity. It is found that magnetic biochar performed with better result compared to raw 
biochar in removal of 4-nitrotoluene from aqueous media. Langmuir and Freundlich isotherms were applied to describe the 
adsorption characteristics and the Langmuir isotherm describes the adsorption phenomena in this study much better than the 
Freundlich isotherm.  
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1. Introduction 
Nitroaromatic compounds are widely used in a lot of industrial processes, including the manufacturing of 
pesticides, explosives, dyes, herbicides, pharmaceutical and paper [1,2]. These compounds become water pollutant 
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if the effluent is discharged into water bodies without proper treatment [2]. They are hazardous compound and give 
negative effect to human as well as environment [3]. Several studies have shown that these compounds are the major 
agents of mutagenity [4,5], carcinogenesis [6], ecotoxicity [7], immunotoxicity [8], reproductive toxicity [9,10] and 
urinary tract tumor [11]. There is more than 30 nitroaromatic compounds may be produced in manufacturing of 
trinitrotoluene (TNT) and dinitrotoluene (DNT) [12]. Among these compounds is a 4-nitrotoluene which generally 
used in the textile industry [13] and it is a common pollutant and suspected hormone distrupter [14]. 
Adsorption has been identified as common mechanism for organic and inorganic chemical pollutant removal. It 
can be described as surface phenomenon where adsorbate in a solution come into contact with a highly porous 
surface structure solid and the solute molecules from the solution are deposited and concentrated at the solid surface 
[15].  Adsorption process has advantage from other sorption method because of the simple design and can involve 
low investment in term of both initial cost and land required [16]. Furthermore, adsorbent can be classified into two 
categories which are natural adsorbent and synthetic adsorbent. Among of those adsorbent from natural and 
synthetic type, black carbon such as biochar, activated carbon, charcoal and soot have been observed as one of the 
promising sorbent due to the stronger sorption capacity than inorganic particle [17]. Activated carbon is one of the 
sorbent that has been widely used to remove water pollutant because of its high specific surface area, abundant 
surface functional group and well develop pore structure. However, activated carbon is not suitable to remove 
certain water pollutant because its surface is negative charged [18]. Furthermore, production of activated carbon 
itself is very costly since it requires high temperature during activation process [19]. Biochar is the carbon-rich 
residue from thermal decomposition of plant-derived biomass in the partial or total absence of oxygen [20]. Biochar 
exhibit a great potential to efficiently tackle water contaminant considering the wide availability of feedstock, low 
cost and favourable chemical and physical surface. Furthermore, the specific properties of biochar are fit for sorbent 
material such as large specific surface area, porous structure, enrich functional groups and mineral component [21].  
In this study, magnetic biochar from palm kernel shell (PKS) is synthesized to remove 4-nitrotoluene from aqueous 
media. The objective of this present study to evaluate the effectiveness of the synthesized magnetic biochar and 
compared it with raw biochar to remove 4-nitrotoluene from aqueous media. Hence, magnetic biochar is optimized 
and characterized throughout this study. 
2. Materials and methods 
2.1. Material 
Ferrous chloride, ferric chloride, sodium hydroxide, and 4-nitrotoluene were purchased from R&M Chemical 
Company. All the reagents and pellets were analytical grade or highest purity available, and were used without 
further purification. Palm kernel shell (PKS) biochar was obtained from Malaysia Palm Oil Board (MPOB). 
Distilled water was used throughout the experiments. 
2.2. Preparation of magnetic biochar 
The magnetic biochar was prepared by mixing PKS biochar with ferrous chloride and ferric chloride as the 
magnetic medium. They underwent method of chemical co-precipitation. Raw PKS biochar was labeled as B660 
whereas magnetic biochar was labeled as MB660. 20g of raw biochar was added into a 200 ml solution containing 
ferrous chloride and ferric chloride (molar ratio 1:1). Under vigorous magnetic stirring, 5 molar NaOH solution were 
added into the solution slowly until the colour of the solution change from brownish green to black. The stirring 
continued for 30 minute. The solution later was rested in the room for 24 hours. Subsequently, the deposited was 
separated by using coffee filter and rinsed with distilled water several times until the pH become 7. The magnetic 
biochar sample was dried at 50oC and it was ready to be used. 
2.3. Characterization 
All biochar samples (MB660 and B660) were characterized for their physical and chemical features. Field 
emission scanning electron microscopy (Hitachi FE-SEM, S4800) was used to observe the morphology of the 
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samples. Possible surface group was determined using fourier transform infrared spectra (FTIR) which was recorded 
in the 4000-600 cm-1 region meter. Surface area (SA) and average pore radius (APR) were determined by multipoint 
BET analysis of adsorption data points with relatives pressure of 0.005 – 0.3. 
2.4. Adsorption experiment 
Optimum conditions were prepared with B660 and MB660. A batch adsorption studies was conducted included 
different initial concentrations and pH of solution. Different initial concentration was varied from 100 to 300 ppm 
whereas pH was varied from pH 2 to pH 11. 
2.5. Adsorption isotherm 
Langmuir and Freundlich isotherm model were used to study the adsorption phenomena of 4-nitrotoluene onto 
adsorbent at equilibrium. The following equations are linear form of Langmuir (1) and Freundlich isotherm (2). 
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Where, qe is the amount of 4-nitrotoluene adsorbed (mg/g), Ce is the concentration of 4-nitrotoluene at equilibrium, 
qmax is the maximum adsorption capacity of 4-nitrotoluene (mg/g), n is the intensity of adsorption, KL and KF is 
Langmuir and Freundlich adsorption equilibrium constant (L/mg), respectively. 
3. Discussion 
3.1. Characterization 
Fig. 1. (a) shows surface morphology of B660 adsorbent which possessed macro-porous structure and smooth 
surface. The sizes of the pores were observed from 1µm until 5µm. High porous surface can increase the surface 
area and enhanced the adsorption of 4-nitrotoluene. Fig. 1 (b) shows surface morphology of MB660 adsorbent 
which possessed distribution of iron on biochar surface. Bright spot in the image also indicate that some degree of 
conductivity exist on the surface sample. Fe3O4 is hypothesized to be dispersed on the surface of biochar making the 
adsorbent easy to be separated by a magnet. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) SEM Image of B660 (b) SEM Image of MB660 
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3.2. BET analysis 
Surface area characteristic of biochar and magnetic biochar were determined by BET analysis. Comparison of 
surface area characteristic of adsorbent with various studies was shown in Table 3. BET surface area for MB660 and 
B660 are 50.28 m2/g and 0.2089 m2/g, respectively. This shows that by implementing magnetic to the biochar 
enhances the surface area. However, pore size of biochar is higher than magnetic biochar which may be due to the 
iron particle clog inside the magnetic biochar pore.  
3.3. Fourier Transform Infrared analysis 
FTIR spectroscopy was used to confirm the modification procedure and obtain the information on the presence 
of various functional groups on the surface of the material. The spectrum results were shown in Fig. 2. Various 
bands in the spectra represented vibration of functional groups also were shown in Table 2 and Table 3 for B660 and 
MB660, respectively.  During the Fe2+/Fe3+/NaOH treatment, char surfaces help nucleate iron oxide precipitation. 
There was a functional group of –OH and –COOH group which responsible to bind the iron hydroxide and iron 
oxide particle in the solution, then stuck to the char [22]. This might be represented as char-O-FexOy (Fe2O3/Fe3O4). 
Here the bold ‘O’ was originally a hydroxyl group on the surface. This would represent a chemical bond between 
the char and iron oxide particle phases. This chemical bonding may possibly be coupled with some mechanical 
interlocking between phases and H-bonding (e.g. between Fe–OH at the metal oxide surface with C–OH of the char 
surfaces) as well as some columbic interactions. These interactions could firmly bind magnetic iron oxide to the 
biochar particles [23]. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 FTIR spectra for B660 and MB660 
 
 
 
Table 1. FTIR spectrum of B660 
 
 
 
 
 
 
 
 
 
 
Peak Position (cm-1) Possible Functional Group 
2923,2854 CH stretching for alkyl group 
1783 C=O stretching 
1590 Anti-symmetric -COO- salt of Carboxylic Acid 
1426 C-O stretching 
1163,1114 C-O-C stretch for ethers, Dialkyl ethers 
877-670 CH out of plane deformation 
232   Syahin Saleh et al. /  Procedia Engineering  148 ( 2016 )  228 – 235 
 
Table 2 FTIR spectrum of MB660 
 
 
 
 
 
 
 
 
 
 
 
Table 3.  Surface area characteristic of various adsorbent 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.4. Adsorption analysis 
Solution pH plays an important role in 4-nitrotoluene sorption on adsorbent. The adsorption capability was 
studied in the wide range of pH from pH 2 to 11 at a 50 mg/L 4-nitrotoluene concentration. Fig. 3 shows the 
removal percentage of 4-nitrotoluene with MB660 and B660 at different pH solution. The sorption of 4-nitrptoluene 
on MB660 was significant at pH 4 whereas sorption of 4-nitrotoluene on B660 was significant at pH 7. Higher pH 
than pH 4 shows the decreasing on removal percentage of 4-nitrotoluene in aqueous solution. It is due to removal 
mechanism of the 4-nitrotoulene has electrostatic attracted on protonated –OH on γ-Fe2O3 surface and it could be 
desorbed at alkaline condition [20].  
 
Peak Position (cm-1) Possible Functional Group 
3409 OH stretching  
2977,2920 CH stretching for alkyl group 
1580 anti-symmetric –COO- stretching of salt of Carboxylic Acid 
1399 CH3 deformation  
1159,1069 C-O-C stretch for ethers, dialkyl ethers 
942-679 CH out of plane deformation  
Sample 
BET-surface area 
(m2/g) 
Total pore 
volume 
(cm3/g) 
Pore size 
(nm) 
Reference 
Biochar B660 0.2089 0.084 1602 
This study 
Magnetic biochar MB660 50.2825 0.236 18.8 
Hydrochar 7.16 0.054 30.5 
[24] 
Magnetic porous carbon (MPC) 349 0.24 2.75 
MKGB1 38.22 0.1869 18.57 
[25] 
MKGB2 31.16 0.1075 16.37 
MKGB3 27.90 0.1144 14.80 
MKGB4 31.45 0.1771 21.96 
CocoAC 975 0.47 3.71 
[26] 
Mag CocoAC 643 0.41 9.11 
CoalAC 974 0.58 5.20 
Mag CoalAC 659 0.50 6.79 
Bio 261 0.17 5.21 
Mag Bio 219 0.23 6.69 
OrgBio 6.1 0.01 30.44 
Mag OrgBio 68 0.15 9.11 
Paper mill sludge 4.8 0.024 12.7 
[27] Biochar 67 0.083 31.7 
MB 101.23 0.079 47.83 
Energy Cane biochar - 1.99 - 
[28] 
MECB 37.13 1.99 - 
Oak Bark Biochar (OBBC) 25.4 - - 
[29] 
Oak Wood Biochar 2.04 - - 
MOBBC 8.8 0.81 - 
MOWBC 6.1 0.59 - 
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Fig. 3 Effect of pH 
 
Adsorption experiment included effect of initial concentration of 4-nitrotoluene on MB660 and B660. Different 
initial concentrations were 100, 150, 200, 250 and 300 mg/L with a fixed dosage of adsorbent (0.2g) in 11 hr at pH 
7. Fig. 4 shows effect of initial concentration of 4-nitrotoluene on the sorption efficiency of MB660 and B660. It 
was shown that the amount of 4-nitrotoluene adsorbed per unit weight of MB660 increase from 42.69 to 110.00  
mg/g with increasing of initial concentration of 4-nitrotoluene from 100 to 300 ppm. Similar trend was observed for 
4-nitrotoluene adsorption onto B660. Increasing the initial concentration led to an increase in the amount of 4-
nitrotoluene adsorbed by B660 which was from 23.76 to 59.92 mg/g. This indicated that 4-nitrotoluene was 
effectively adsorbed using MB660 as compared to B660. Instead of higher surface area of MB660 leads to effective 
adsorption capacity, the magnetic itself also contribute higher adsorption capacity. 
 
 
 
Fig. 4 Effect of initial concentration  
3.5. Isotherm studies 
The experimental data were fitted with Langmuir and Freundlich isotherm model. Both isotherm plots gave a 
linear pattern in Fig. 5. Comparing the correlation coefficient (R2) value (Table 4) of both models, Langmuir 
isotherm model was satisfactory in describing the adsorption equilibrium by both adsorbent as the R2 was closed to1 
which were 0.978 and 0.992 for MB660 and B660, respectively as compared to Freundlich isotherm model which 
were 0.475 and 0.990 for MB660 and B660, respectively. The applicability of the Langmuir isotherm model 
indicated that the adsorption process occurred at monolayer with each molecule having equal enthalpies and 
activation energy [30]. 
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Fig. 5 (a) Langmuir isotherm model (b) Freundlich isotherm model 
 
Table 4 Adsorption isotherm parameters 
 Langmuir Isotherm Freundlich Isotherm 
Adsorbent q max (mg/g) KL R
2 KF n R
2 
MB660 303.030 0.00099117 0.978 11.1532 4.308 0.4750 
B660 212.766 0.00204011 0.992 0.767 1.200 0.9902 
4. Conclusion 
This present study shows that 4-nitrotoluene can be effective removed from aqueous media by MB660. MB660 
has high adsorption capacity as compared to B660. High surface area also affected the removal of 4-nitrotoluene 
from aqueous media. Adsorption of 4-nitrotoluene by both adsorbents follows monolayer adsorption process. It is 
also easy to separate by using a magnet. Thus, magnetic biochar appears as highly promising option for making 
adsorbent and recyclable biochar. However, the economic impacts and recyclability should be considered in 
developing magnetically recoverable biochar for wide environmental application. 
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